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© Semiconductor laser control circuit 



© Herein disclosed is a semiconductor laser con- 
trol circuit in which: (i) the peak and bottom values of 
a pulse light can be controlled independently and 
precisely and set at an optical power value neces- 
sary for a high speed; and (ii) the abnormality of the 
output light of the semiconductor laser can be de- 
tected to prevent the stored content of an optical 
■ disc, for example, from being broken. 
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Semiconductor Laser Control Circuit 



The present invention relates to a semiconduc- 
tor laser controi circuit and, more particularly, to a 
semiconductor laser control circuit to be used with 
an optical information recording/playing system for 
recording information in an optical disc capable of 
optically recording and playing it and for playing 
the recorded information from the optical disc. 

in a certain rewrite type optical disc, one op- 
tical beam is used to accomplish the recording 
operation with an optical power at the peak value of 
a pulse light while erasing the recorded information 
with the bottom value of the pulse light. The re- 
cording and erasing characteristics necessary for 
the recording and playing operations of such re- 
write type optical disc may not be obtained unless 
the peak and bottom values of the recording pulse 
light are precisely controlled. The present invention 
contemplates to provide a semiconductor laser cir- 
cuit for independently and precisely controlling the 
peak and bottom values of the pulse light and for 
setting them at necessary optical power values at 
high speeds. According to the present invention, a 
highly reliable optical recording/playing system can 
be constructed by detecting an abnormality of the 
output light of a semiconductor laser to prevent the 
recorded content of the optical disc from being 
broken. 

Fig. 12 is a circuit diagram showing the struc- 
ture of a semiconductor laser control circuit accord- 
ing to the prior art. A semiconductor laser 1 has its 
output light received by an optical detector 2, the 
output current of which is subjected by an opera- 
tion amplifier 3 to a current-voltage conversion so 
that it is inputted as a control error signal to a 
controlling operation amplifier 4. Designated at ref- 
erence numeral 5 is a switch (SW) for switching 
such a reference voltage to a recording (R) side or 
a playing (P) side as is used for setting the level of 
the output light of the semiconductor laser 1 . The 
operation amplifier 4 compares the reference volt- 
age 6 or 7 and the control error signal to control 
the output light of the semiconductor laser to a 
constant level. For recording operations, the output 
light of the semiconductor laser 1 is subjected to a 
pulse modulation with a recording signal 8. This 
recording signal is level-shifted at 9, and the pulse 
amplitude value of the output light is set by a 
variable resistor 10. A switch 11 is turned on for 
the recording operations and is electrostatically 
coupled to the output voltage of the operation am- 
plifier 4 by a capacitor 12. For the recording oper- 
ations, therefore, the average level of the pulse- 
modulated output light provides the control error 
signal so that a control is accomplished to make 



the average value constant. The output light of the 
semiconductor laser 1 is pulse-modulated with a 
recording signal which is electrostatically coupled 
around that average value, 
s However, the structure described above is ac- 

companied by a problem that the peak or bottom 
value of the pulse-modulated output light highly 
varies, when the optical-output/current characteris- 
tics of the semiconductor laser 1 change due to a 

io temperature change or aging, so that the 
recording/playing characteristics of the optical disc 
are degraded. Fig. 13 is a diagram illustrating the 
optical output waveforms of the prior art for ex- 
plaining that problem. Fig. 13 illustrates the rela- 
te tionships between the optical-output/current char- 
acteristics of the semiconductor laser 1 and the 
waveforms of the pulse-modulated output light. In 
Fig. 13, a curve lo plots the characteristics at a 
temperature To. In the case of recording the optical 

20 disc, it is necessary to accurately control not only 
the peak value P R of the pulse-modulated output 
light but also the bottom value Pa- For example, an 
optical disc of an unerasable material may be re- 
corded with the optical power at the peak value P R 

25 while being preheated by the optical power at the 
bottom value P B . Depending upon the characteris- 
tics of the material, those peak value P R and bot- 
tom value B may have to be precisely controlled. In 
the case of the optical disc of another erasable 

30 material, the recording operations may be accom- 
plished with the optical power at the peak value P R 
while erasing with the optical power at the bottom 
value P B . In this erasable material, too, the neces- 
sary recording and erasing characteristics may not 

35 be obtained unless the peak value P R and bottom 
value P B of the optical output waveforms are pre- 
cisely controlled. Here, let it be assumed that the 
characteristics are varied lo - li when the tempera- 
ture of the semiconductor laser 1 is varied T 0 - Ti . 

40 The recording signal 8 is converted to a constant 
current amplitude l P and applied to the semicon- 
ductor laser 1 so that it is pulse-modulated around 
a control average level P M . As a result, the average 
value at the temperature Ti is so controlled that 

45 the average level P M may be constant even if the 
characteristics are varied to h. Since, however, the 
current amplitude l P of the recording signal is con- 
stant even if the curve of the optical-output/current 
characteristics has its gradient varied as h, the 

so peak and bottom values of the pulse-modulated 
optical output are highly varied to P R ' and P B \ 
respectively. Here have been described the vari- 
ations of the optical output resulting from the 
change To - Ti of the temperature characteristics. 
Similar degradations in the characteristics take 
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place as lo - li' too, in the aging of the semicon- 
ductor laser 1 . 

As has been described above, as shown in Fig. 
12, the structure of the prior art is troubled by a 
problem that the peak and bottom values of the 
pulse-modulated optical output are highly varied 
due to the temperature characteristics and aging of 
the semiconductor laser 1. Moreover, the optical 
power of the pulse-modulated optical output 
waveforms having such peak and bottom values 
cannot be measured other than its average value 
P M by the ordinary optical power meter, but the 
peak value Pr and the bottom value P B have to be 
set by observing the waveforms. The optical power 
setting through those waveform measurements 
finds it difficult to accomplish the precise measure- 
ments. If. moreover, the current amplitude value lp 
is varied by the variable resistor 10, both the peak 
value P R and the bottom value P B are so varied 
that they are difficult to set independently of each 
other. Thus, the prior art is accompanied by the 
second drawback that the optical power is difficult 
to set. 

It is, therefore, an object of the present inven- 
tion to provide a semiconductor laser control circuit 
which is enabled, even if the output-light/current 
characteristics are changed due to the temperature 
characteristics and aging of a semiconductor laser, 
to control the peak and bottom values of pulse- 
modulated optical output waveforms to a constant 
optical power level and to precisely set the peak 
and bottom values of the pulse-modulated optical 
output waveforms by using an ordinary optical 
power meter. 

In order to achieve the above-specified object, 
according to the present invention, there is pro- 
vided a semiconductor laser control circuit which 
comprises: first closed-loop control means made 
receptive of the output light of a semiconductor 
laser for controlling an optical power control error 
signal to a first optical power value; first open-loop 
control means for sample-holding the control volt- 
age of said first closed loop to control the held 
voltage to said first optical power value; second 
closed-loop control means for controlling the same 
to a second optical power value; second open-loop 
control means for sample-holding the control volt- 
age of said second closed loop to control the held 
voltage to a second optical power value; and op- 
tical pulse modulating means for optical pulse 
modulations of the first optical power value, which 
is controlled by said first open-loop control means, 
to the bottom value of an optical pulse waveform 
and the second optical power value, which is con- 
trolled by said second open-loop control means, to 
the peak value of an optical pulse waveform. 

. With the structure described above according 
to the present invention, the first and second op- 



tical power values are precisely controlled indepen- 
dently of each other by the closed-loop control 
means. During the pulse modulations, moreover, 
the first and second optical power values, which 

5 are controlled by the closed-loop control means, 
are maintained independently of each other with 
the first and second held control voltages by the 
open-loop control means. The first optical power 
value gives the bottom value of the optical pulse 

10 - waveform whereas the second optical power value 
gives the peak value of the optical pulse waveform. 
As a result, the peak and bottom values of the 
optical pulse waveform can be set independently of 
each other. Thus, before the optical output of the 

75 semiconductor laser is pulse-modulated, a DC 
emission is accomplished with optical powers cor- 
responding to the peak and bottom values of the 
optical pulse waveform, and a precise control is 
made to a set optical power by the closed-loop 

20 control means. Thus, even if the optical- 
output/current characteristics of the semiconductor 
laser are varied with the temperature characteris- 
tics and the aging, the peak and bottom values of 
the optical pulse waveform can be controlled in- 

25 dependency and precisely. Since, moreover, the 
peak and bottom values of the optical pulse 
waveform are directly sample-held but not sub- 
jected to the optical power control, the optical 
power control accuracy is not degraded even for a 

30 high modulation frequency. Still moreover, the op- 
tical power values corresponding to the peak and 
bottom values can be measured with the DC light 
before the optical pulse modulations. Thus, even if 
an expensive optical power meter for the pulse 

35 light is not used, the peak and bottom values of the 
optical pulse waveform can be precisely measured 
with the ordinary optical power meter for the DC 
light 

Another object of the present invention is to 
40 provide a semiconductor laser control circuit which 
can switch the optical output of a semiconductor 
laser fast and stably from high to low powers or 
vice versa 

In order to achieve this object, according to the 
45 present invention, there is provided a semiconduc- 
tor laser control circuit which comprises: optical 
power control error voltage generating means 
made receptive of the output of a semiconductor 
laser for converting the optical power to a voltage; 
so reference voltage generating means for setting the 
output light of said semiconductor laser at a de- 
sired level; a servo-amplifier for generating a con- 
trol voltage by comparing said optical power con- 
trol error voltage and a reference voltage; a current 
55 source for feeding an electric current to said semi- 
conductor laser in accordance with the control volt- 
age of said servo-amplifier; sample hold means 
connected between said servo-amplifier and said 
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current source for driving said current source with 
the control voltage of said servo-amplifier during a 
sampling section to accomplish the closed-loop 
control of the output light of said semiconductor 
laser and for holding the control voltage of said 
servo-amplifier during a holding section to accom- 
plish the closed loop of the output light of said 
semiconductor laser; switch means for opening or 
substantially opening the input of said servo-am- 
plifier and said monitor voltage generating means 
during said holding section or until the sampling 
section of said closed-loop control begins; switch 
means for shorting or substantially shorting monitor 
voltage generating means at the input of said 
servo-amplifier and said reference voltage generat- 
ing means; and control means for preventing the 
control voltage generated by said servo-amplifier 
from being saturated by the use of said switch 
means. 

With the structure thus far described according 
to the present invention, not only the connection 
between the input of the servo-amplifier and the 
monitor voltage generating means but also the con- 
nection between the input of the servo-amplifier 
and the reference voltage generating means is 
opened or substantially opened by the switch 
means during the holding* section or until the sam- 
pling section of the closed-loop control begins. As 
a result, the control voltage generated by the 
servo-amplifier is not saturated by the power 
source voltage but is varied fast and smoothly, 
when the sampling section of the closed-loop con- 
trol begins, so that the optical output of the semi- 
conductor laser is switched fast and stably from the 
high to low powers or vice versa. 

Other objects of the present invention are to 
detect a normal emission level or an abnormal 
emission level accurately even in a DC emission 
mode and in a pulse modulation mode in which the 
optical pulse waveform takes a peak or bottom 
value and to provide a semiconductor laser control 
circuit for protecting the recorded content of an 
optical disc and the semiconductor laser itself 
when the semiconductor laser is troubled. 

In order to achieve the abGve-specified objects, 
in one semiconductor laser control circuit accord- 
ing to the present invention, the reference voltage 
to be compared with the optical power monitor 
voltage and the reference voltage for setting the 
peak and bottom values of the pulse waveform are 
arithmetically processed in the pulse modulation 
mode. In another semiconductor laser control cir- 
cuit, on the other hand, there is generated a volt- 
age value between the reference voltage for setting 
the DC emission level and the reference voltage for 
setting the bottom value. In the DC emission mode, 
not only the voltage value between the DC emis- 
sion level and the bottom value but also a voltage 



value between non-emission and emission status is 
specified as the reference voltage. A comparison 
output is also generated for detecting a current 
value lower than a predetermined level only in the 
5 DC emission mode. Irrespective of the emission 
mode, moreover, the comparison voltage is set in 
the vicinity of the maximum allowable optical out- 
put of the semiconductor laser to prevent the 
breakage. 

10 Thus, in the present invention, the timing or 
section for checking the emission status is speci- 
fied so that the detections are accomplished only 
in the section excepting the transitional status of 
the optical power control to be generated when in 

75 the switching operation to each mode. Furthermore, 
the check of the DC emission level is accom- 
plished at a predetermined timing after the emis- 
sion is ON, whereas the check of the peak value is 
accomplished at a predetermined timing in the 

20 sampling control section before the pulse modula- 
tions are not begun in the pulse modulation mode. 
An abnormal emission is detected with the com- 
parison voltage and timing described above to con- 
trol the semiconductor laser from the emission to 

25 non-emission status thereby to protect the semi- 
conductor laser. 

In the pulse modulation mode, moreover, the 
emission level of the peak value of the pulse 
waveform can be checked more reliably by pro- 

30 cesslng and comparing the reference voltage for 
actually setting the optical output than by merely 
comparing it with a fixed voltage. An erroneous 
detection can also be prevented by accomplishing 
the check at a predetermined timing within the 

35 sampling control section in which the pulse modu- 
lations are not begun yet. On the other hand, the 
emission level of the bottom value can be checked 
highly reliably while preventing the erroneous de- 
tection by setting the comparison voltage at a value 

40 between the DC emission level and the reference 
voltage of the bottom value and by restricting the 
checking section within a section excepting the 
transitional status of the optical power control, 
which occurs when the emission mode is switched. 

45 The semiconductor laser can be prevented without 
fail from any breakage by making a comparison 
with a voltage value between the bottom value and 
the reference voltage at the DC emission level in 
the DC emission mode, by making a comparison 

so with a current value in the vicinity of that flowing 
during the DC emission to prevent such an ab- 
normal emission as will erroneously record or 
erase the recorded content of the optical disc, and 
by accomplishing the detection of the excessive 

55 current of the semiconductor laser at a low optical 
power value during the DC emission. Still more- 
over, the semiconductor laser is prevented from 
being broken by the excessive power, by setting 
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the comparison level in the vicinity of the maximum 
allowable optical output of the semiconductor laser 
and by making the comparison irrespective of the 
emission mode. 

While the novel features of the present inven- 
tion are set forth in the appended claims, the 
invention, both as to organization and content, will 
be better understood and appreciated, along with 
other objects and features thereof, from the follow- 
ing detailed description taken in conjunction with 
the drawings. 

Fig. 1 is a diagram showing the structure of 
the semiconductor laser control circuit according to 
a first embodiment of the present invention; 

Fig. 2 is a waveform chart of the same 
embodiment; 

Fig. 3 is a diagram showing the structure of 
the semiconductor laser control circuit according to 
a second embodiment of the present invention; 

Fig. 4 is a waveform chart for explaining the 
operations of the same embodiment; 

Fig. 5 is a diagram showing the structure of 
the semiconductor laser control circuit according to 
a third embodiment of the present invention; 

Fig. 6 is a waveform chart of the same 
embodiment; 

Fig. 7 is a diagram showing the structure of 
the semiconductor laser control circuit according to 
a fourth embodiment of the present invention; 

Fig. 8 is a waveform chart of the same 
embodiment; 

Fig. 9 is a block diagram showing the semi- 
conductor laser control circuit according to a fifth 
embodiment of the present invention; 

Fig. 10 is a waveform chart of the same 
embodiment; 

Fig. 11 is a waveform chart of the same 
embodiment when in an abnormal emission; 

Fig. 12 is a diagram showing the structure of 
the semiconductor laser control circuit according to 
the prior art; and 

Fig. 13 is a waveform chart showing the 
optical output of tiie semiconductor laser control 
circuit of the prior art. 

Fig. 1 is a diagram showing the structure of the 
•semiconductor laser control circuit according to the 
first embodiment of the present invention. A semi- 
con ductor laser 1 has its output light received by 
an optical detector 2, and this received current is 
converted to a voltage by an operation amplifier 3. 
This amplifier 3 has its output providing an optical 
power control error voltage 14. Designated at refer- 
ence numeral 13 is optical power control error 
voltage generating means. Numeral 15 designates 
first closed-loop control means for controlling the 
output light of the semiconductor laser to a first 
optical power value, i.e., the bottom value of an 



optical pulse waveform when pulse modulations are 
accomplished. The first closed-loop control means 
15 is composed of an operation amplifier 4 for 
comparing the optical power control error voltage 

5 (PDER) 14 and a first reference voltage 16. Nu- 
meral 27 designates first reference voltage generat- 
ing means. Numeral 17 designates a switch which 
is turned on when the . closed-loop control means 
15 is controlled to the first optical power value. A 

10 switch 18 is turned on when the closed-loop control 
means is not set for power at the pulse modula- 
tions, i.e., when in the play of an optical 
recording/playing apparatus, to switch the first ref- 
erence voltage to a reference voltage 19 for the 

75 play. Since it is sufficient for the play that the 
semiconductor laser is subjected to a DC emission, 
the control means 15 maintains its closed-loop 
control. Reference letters BSGT designate a bias 
gate which takes an H level for the period other 

20 than that for the play to turn on the switch 17 and 
off the switch 1 8. A first control voltage 20 output- 
ted from the first closed-loop control means 15 
switches the optical power control of the first 
closed-loop control means to the setting of the first 

25 optical power value from the playing operation to 
turn off a switch 21 at the instant when the optical 
power control is stabilized. Numeral 22 designates 
first sample hold means for holding the first control 
voltage value, which is inputted from an operation 

30 amplifier 23 and a capacitor 24, to output a first 
hold voltage 25. If the switch 21 is turned off, the 
control means 15 interrupts the closed-loop control 
so that the output light of the semiconductor laser 
1 is subjected to the closed-loop control by the first 

35 hold voltage 25 and held at the first optical power 
value. A transistor 26 has its base fed with the 
control voltage or hold voltage to drive the semi- 
conductor laser with an electric current. Letters 
WTGT designate a write gate which takes the H 

40 level, at the instant when the optical power control 
of the first closed-loop control means 15 is stabi- 
lized, to turn off the switch 21 thereby to hold the 
first control voltage. Numeral 28 designates second 
closed-loop control means. An operation amplifier 

45 29 compares the optical power control error voltage 
14 and a second reference voltage 30 to output a 
second control voltage 31 . The second closed-loop 
control means makes a control to a second optical 
power value, i.e.. an optical power corresponding to 

so the peak value of the optical pulse waveform at the 
pulse modulations. Numeral 32 designates second 
reference voltage generating means having its 
switch 33 turned on and its switch 34 turned off, 
when the write gate WTGT takes the H level, to 

55 generate the second reference voltage 30 for set- 
ting the second optical power value. When the 
optical power control by the second closed-loop 
control means is stabilized, a peak hold gate PKHD 
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is given the high level to turn off a switch 35. As a 
result, second sample hold means 36 holds the 
second control voltage 31 to output a second hold 
voltage 37. When the peak hold gate takes the H 
level, the control means 28 interrupts the closed 
loop control so that the output light of the semicon- 
ductor laser 1 is subjected to the closed loop 
control by the second hold voltage 37 and held at 
the second optical power value. Numeral 38 des- 
ignates a transistor which is energized by the sec- 
ond control voltage or the second hold voltage to 
drive the semiconductor laser with an electric cur- 
rent. Numeral 39 designates optical pulse modulat- 
ing means. In the open-loop control status in which 
the transistors 26 and 28 are driven by the first and 
second hold voltages, a modulation signal is input- 
ted to the write data WTDT. Transistors 40 and 41 
accomplish the differential switching operations in 
accordance with the write data 8 to turn on and off 
the current flowing through the transistor 38 in 
response to the modulation signal. As a result, the 
electric current driven by the transistor 26 always 
flows through the semiconductor laser 1 to turn on 
and off the electric current to be driven by the 
transistor 38. In other words, during the pulse mod- 
ulations, the pulse waveform has its bottom value 
controlled to the first optical power value and its 
peak value controlled to the second optical power 
value. 

Fig. 2 is a waveform chart showing the oper- 
ations of the structure of Fig. 1. The bias gate 
BSGT is at the H level from the playing operation 
to the end of the series power setting and the 
pulse modulations. The time period from the rise of 
the bias gate BSGT to the break of the write gate 
WTGT is a section for which the first closed-loop 
control means 15 for setting the first optical power 
value, i.e., the bottom value of the optical pulse 
waveform is operating. The time period from the 
rise of the write gate WTGT to the rise of the peak 
hold gate PKHD is the section for which the second 
closed-loop control means 28 for setting the sec- 
ond optical power value, i.e., the peak value of the 
optical pulse waveform is operating. Letters SV1 
designate the waveform of the first control voltage 
20, and letters SV2 designate the waveform of the 
second control voltage 31. Letters SV2 designate 
the waveform of the second control voltage 31 , and 
letters HD1 designate the waveform of the first 
peak hold voltage 25 whereas letters HD2 des- ■ 
ignate the waveform of the second peak hold volt- 
age 37. Letters LD designate the waveform of the 
optical output of the semiconductor laser 1 . Letters 
PWRO designate the level of a play power; letters 
PWR1 designate the level of the bottom value of 
the optical pulse waveform; and letters PWR2 des- 
ignate the level of the peak value of the optical 
pulse waveform. Letters PDER designate the op- 



tical power control error voltage 14 which is ob- 
tained by the light received by the optical detector 
2. At an instant 42 when the first closed loop 
control operates to stabilize the optical power con- 

s trol, as indicated at SV1, the write gate WTGT is 
raised to the H level to hold the first control voltage 
(as indicated at 43). The voltage thus held is main- 
tained until the next play after the pulse modula- 
tions. Next, at an instant 44 when the second 

10 closed loop control means operates, as indicated at 
SV2. at the timing of turning on the WTGT so that 
the optical power control is stabilized, the peak 
hold gate PKHD is raised to the H level to hold the 
second control voltage (as at 45). The voltage thus 

15 held is maintained until the next play after the 
pulse modulations. The output light of the semicon- 
ductor laser 1 is subjected during the first and 
second closed-loop control sections, as shown in 
Fig. 2, to independent closed-loop controls in the 

20 DC emission status. In the pulse modulation sec- 
tion, on the other hand, the pulse modulations are 
accomplished between the levels of the first and 
second optical power values with the first and 
second control voltages being held. 

25 As has been described hereinbefore, according 

to the present embodiment, before the pulse mod- 
ulations of the optical output of the semiconductor 
laser, the DC emission is accomplished with the 
optical powers corresponding to the peak and bot- 

30 torn values of the optical pulse waveform to pre- 
cisely control the set optical power with the closed- 
loop control means. Next, the control voltage thus 
obtained by the closed-loop control means is held 
for the pulse modulations. Thus, even if the optical- 

35 output/current characteristics of the semiconductor 
laser are varied due to the temperature characteris- 
tics and aging, the peak and bottom values of the 
optical pulse waveform can be controlled indepen- 
dently and precisely. Moreover, the optical power 

40 can be precisely controlled irrespective of the mod- 
ulation frequency of the optical pulse waveform. 

As has been described above, according to the 
present invention, even if the optical-output/current 
characteristics of the semiconductor laser are var- 

45 ied due to the temperature characteristics and ag- 
ing, the peak and bottom values of the optical 
pulse waveform can be controlled independently 
and precisely. Since, moreover, the peak and bot- 
tom values of the optical pulse waveform are di- 

so rectly sample-held but without any optical power 
control, the optical power control accuracy will not 
be degraded even for a high modulation frequency. 
Before the optical pulse modulations, the optical 
power values corresponding to the peak and bot- 

55 torn values of the optical pulse waveform can be 
measured with the DC light. Thus, the peak and 
bottom values of the optical pulse waveform can be 
precisely measured with an ordinary optical power 
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meter for the DC light even if any expensive optical 
power meter for the pulse light is not used. 

A second embodiment of the present invention 
will be described in the following with reference to 
the accompanying drawings. 

Fig. 3 is a diagram showing the structure of the 
semiconductor laser control circuit according to the 
second embodiment of the present invention. Fig. 4 
is a time chart for explaining the operations of the 
same circuit. This second embodiment is directed 
to an invention for preventing the outputs of the 
operations amplifiers 4 and 29 of the first embodi- 
ment from being saturated. For simplicity of dis- 
cussion, the circuit structure around only one op- 
eration amplifier will be described in the following. 

Under the control of a hold signal HOLD 11 8, a 
switch SW4 120 opens a monitor voltage V M 104 
and the input of a servo-amplifier 110 during the 
hold section of a closed-loop control and closes the 
monitor voltage V M and the input of the servo- 
amplifier 110 during the sampling period of the 
closed-loop control. 

Under the control of a signal "HOLD having the 
polarity opposite to that of the hold signal HOLD 
118, a switch SW5 121 closes the monitor voltage 
V M and a reference voltage V re f (109) during the 
holding period of the closed-loop control and opens 
the monitor voltage V M and the reference voltage 
V ref during the sampling period of the closed loop 
control. 

By the controls of those two switches SW4 and 
SW5, the servo-amplifier 110 has its positive input 
or the monitor voltage V M opened but its negative 
input or the reference voltage V ref closed during the 
holding section. As a result, the positive and nega- 
tive inputs become equal so that the servo-am- 
plifier 110 can be prevented from having its output 
V s from being saturated to the power source volt- 
age. 

Next, the operations of the circuit of Fig. 3 will 
be described with reference to Fig. 4. 

When the write gate WTGT takes the H level 
for the recording status at a time Ti, the optical 
output of the semiconductor laser is kept under the 
closed-loop control, but the reference voltage V re f 
is switched from V PL (for the playing operations) to 
V ER (for the writing operations). 

The aforementioned servo-amplifier 110 sub- 
jects the control voltage V s to the closed-loop 
control to equalize the monitor voltage V M to the 
value V W r of the reference voltage V ref of one input 
thereby to raise the optical output of the semicon- 
ductor laser from the play power P PL to the write 
power P W r. 

When the optical output of the semiconductor 
laser is stabilized to the write power P W r by the 
closed-loop control, the hold signal HOLD takes the 
H level at a time T 2 to open a switch SW3 so that 



the sample hold circuit 112 holds the value Vi of 
the control voltage V s at that time. 

At the same time T 2 , the switch SW4 is 
opened by the similar hold signal HOLD of the 
5 switch SW3, but the switch SW5 is closed by the 
opposite-polarity signal 'HOLD of the hold signal 
HOLD. 

Because these positive and negative inputs are 
equal, the control voltage V s or the output of the 

70 servo-amplifier 110 takes at such a voltage level V 2 
during the hold period from T 2 to T 3 as will not be 
saturated to a power source voltage V DD . 

At this timing T3, the hold section is terminated 
and switched from the writing to playing operations. 

75 Then, the switches SW3 and SW4 are closed, but 
the switch SW5 is opened so that the output of the 
servo-amplifier 110 and the input of a buffer 112C 
of the sample hold circuit 112 are connected to 
cause the closed-loop control. At this time, the 

20 control voltage V s or the output of the servo-am- 
plifier 110 takes the level V 2 unsaturated with the 
power source voltage V D d and has a small voltage 
difference from the input voltage Vi of the sample 
hold circuit 112 so that it is smoothly connected. 

25 As a result, the control voltage V D of the output of 
the sample hold circuit 112 is raised fast and stably 
from the level Vi of the write power to the level Vo 
of the play power, as shown in Rg. 4. 

In response to this variation of the control volt- 

30 age V D , the optical output of the semiconductor 
laser is switched fast and stably without generating 
any abnormal power at the timing Ta of switching 
the writing to playing operations, as shown in Rg. 
4. 

35 As has been described hereinbefore, according 

to the present embodiment, thanks to both the 
switch means for opening or substantially opening 
the input of the servo-amplifier and the monitor 
voltage generating means during the holding sec- 

40 tion and the switch means for shorting or substan- 
tially shorting the monitor voltage generating 
means of the input of the servo-amplifier and* the 
reference voltage generating means, the control 
voltage of, the output of the servo-amplifier is not 

45 saturated with the power source voltage, and the 
control voltage is varied fast and smoothly, when 
the holding section is switched to the sampling 
section of the closed-loop control, so that the op- 
tical output of the semiconductor laser can be 

50 switched fast and stably from the writing to playing 
operations. 

Rg. 5 is a diagram showing the structure of the 
semiconductor laser control circuit according to the 
third embodiment of the present invention. Rg. 6 is 
55 a timing chart for explaining the operations of the 
same circuit. 

With reference to Rg. 5, a first description is 
directed to the portions added to the circuit of the 
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second embodiment of Fig. 3. Four resistors, i.e., 
an input resistor Rs 130. a feedback resistor Rf 
131, an input resistor Rs 132 and a feedback 
resistor Rf' 133 are used to operate the aforemen- 
tioned servo-amplifier 110 as a differential am- 
plifier. The resistor Rf' 133 feeds back the output 
V 0 of a sample hold circuit 1 12 to the output of the 
servo-amplifier 110 during the holding section so 
that the output V D of the circuit 112 may be gen- 
erated. 

Those four resistors Rs. Rf, RS' and Rf' are so 
related to equalize the gains of the negative input 
V M and the negative input V re f of the differential 
amplifier of the servo-amplifier 110 as to satisfy 
Rf/Rs = Rf'/Rs'. With this relation, the output V s of 
the servo-amplifier 110 is expressed by V D = 
(Rf/Rs)(V M - V ref ) + V D by using the input voltages 
V M and V r ef and the output V D of the sample hold 
circuit 112. 

Here, during the holding section, the switches 
SW3 and SW4 are opened whereas the switch 
SW5 is closed so that the reference voltage V re f is 
fed equally to the positive and negative inputs of 
the servo-amplifier 110. Thus, the output of the 
servo-amplifier 110 takes the value V s = (Rf/Rs)- 
(V M - V ref ) + V 0 = V D so that the output V D of the 
sample hold circuit 112 is generated. As a result, 
the output V s of the servo-amplifier 110 is not 
saturated with the power source voltage but takes 
the value V 0 substantially equal to the hold voltage 
V c of the sample hold circuit 112. When the sam- 
pling section of the closed-loop control is switched 
from the holding section, the switch SW3 is closed 
to match the control voltage Vs and the hold volt- 
age V c so that the optical output of the semicon- 
ductor laser is switched fast and stably from the 
writing to playing operations. 

Next, the operations of the circuit of Fig. 5 will 
be described with reference to Fig. 6. 

When the write gate WTGT comes into its 
writing status at the time Ti , the reference voltage 
V ref is switched from V PL (for the playing oper- 
ations) to V WR (for the writing operations) while 
being left under the closed loop control. 

The aforementioned servo-amplifier 110 sub- 
jects the control voltage V s to the closed-loop 
control so that the monitor voltage V M may become 
equal to the value V WR of the reference voltage V ref 
of one input, thereby to raise the optical output of 
the semiconductor laser from the play power P PL to 
the write power P W r. 

When the optical output of the semiconductor 
laser is stabilized to the write power P W r by the 
closed-loop control, the hold signal HOLD takes the 
H level at the time T 2 to open the switch SW3 so 
that the sample hold circuit 112 holds the value Vi 
of the control voltage V s at that time. 

Simultaneously with this, the switch SW4 is 



opened whereas the switch SW5 is closed so that 
the reference voltage V re t of the negative input is 
equally applied to the positive and negative inputs 
of the servo-amplifier 110. As a result, the value Vi 

5 of the output V D of the sample hold circuit 112, 
which has been fed back by the resistor Rf 1*33, is 
substantially equally generated as the output of the 
differential amplifier. 

When the holding section is terminated at the 

ro timing T3 to switch from the write mode to the play 
mode, the switches SW3 and SW4 are closed 
whereas the switch SW5 is opened to connect the 
output of the servo-amplifier 110 and the input of 
the sample hold circuit 112, thus inviting the 

rs closed-loop control. At this time, the control voltage 
V s or the output of the servo-amplifier 110 is at 
substantially the same level as the voltage Vi held 
in the sample hold circuit 112 so that the connec- 
tion is smoothly accomplished. As a result, the 

20 control voltage V D of the output of the sample hold 
circuit 112 rises fast and stably from the level Vi of 
the write power to the level V 0 of the play power, 
as shown in Fig. 6. 

In-response to this variation of the control volt- 

25 age V D , the optical output of the semiconductor 
laser is switched fast and stably without generating 
any abnormal power at the timing T 3 from the 
writing to playing operations, as shown in Fig. 6. 
As has been described hereinbefore, according 

30 to the present embodiment, the output of the sam- 
ple hold circuit is fed back through the resistors to 
the servo-amplifier input of the differential amplifier 
and generated at the output of the servo-amplifier 
to substantially equalize the hold voltage and the 

35 control voltage or the output of the servo-amplifier. 
When the section is switched from the holding 
section to the sampling section of the closed-loop 
control, the control voltage is varied fast and 
smoothly so that the optical output of the semicon- 

40 ductor laser can be switched fast and stably from 
the writing to playing modes. 

Fig. 7 is a diagram showing the structure of the 
semiconducor laser control circuit according to the 
fourth embodiment of the present invention. Fig. 8 

45 is a time chart for explaining the operations of the 
same circuit. 

First of all, the portions added to and modified 
from the aforementioned circuit of the third em- 
bodiment of Fig. 5 will be described with reference 

50 to Fig. 7. 

A bias gate BSGT 202 switches at the H level 
the reference voltage V ref from the playing refer- 
ence voltage V PL to a biasing reference voltage V B s 
201 to raise the optical output of the semiconductor 

55 laser to the bias level. A write gate WTGT 200 
takes the H level, when the optical output of the 
semiconductor laser is dropped to the bias power 
Pes by the closed-loop control to open a switch 
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SW3 112a thereby to hold the first control voltage 
V s of the first servo-amplifier 110. On the other 
hand, the write gate WTGT controls the switches 
SW4 and SW5 to prevent the first control voltage 
V s or the output of the first servo-amplifier 110 
from being saturated during the holding section. 

A sample gate SMPL 218 causes a second 
servo- amplifier 217 to act as a closed-loop control 
amplifier during a section after the write gate 
WTGT takes the H level and before a hold signal 
HOLD 214 takes the H level. Outside of this sec- 
tion, the sample gate SMPL 218 controls the open- 
ing and closing operations of switches SW6 203 
and SW7 204 to prevent the second control voltage 
V PS of the output of the second servo-amplifier 217. 

A voltage V W r 209 designates a reference volt- 
age for setting the optical output of the semicon- 
ductor laser at the write power P W r. 

Four resistors R M 205, R i2 206, R F i 218 and 
Rf2 207 are connected with the second servo- 
amplifier 21 7 to cause this amplifier 21 7 to act as a 
differential amplifier. The relation among these four 
resistors is set at Rfi/F m = RF2/R12 so that the 
positive input V M and negative input V W r of the 
second servo-amplifier may take an equal gain. 
Then, the second servo-amplifier takes an output 
V PS 213 expressed in the formula of Vps 58 
(Rfi/Rh)(V m - V W r) + V F by using a voltage V F 210 
which is dropped from the power source voltage by 
the forward voltage of one diode 21 1 . 

Here, the voltage V F is a control voltage for 
defining a limit, at which no current flows through a 
transistor 216 of the current source, and takes a 
value which is a subtraction of a base-emitter volt- 
age VBE from the power source voltage. 

Here, since the switch SW6 is opened whereas 
the switch SW7 is closed until the write gate 
WTGT is begun and since the second servo-am- 
plifier 217 has its inputs fed equally with the refer- 
ence voltage V W r, the second servo-amplifier 217 
takes the output V PS expressed in the form of V PS 
= (Rfi/Rh)(V W r - V WR ) + V f = V f so that it is not 
saturated with the power source voltage but stands 
by. 

A signal HOLD 214 is a hold signal for control- 
ling a second sample hold circuit 212 and holds 
the control voltage V PS of the second servo-am- 
plifier 217 when the optical output of the semicon- 
ductor laser is stabilized at the write power P W r by 
the closed-loop control. 

The second sample hold circuit is composed of 
a switch SW7 212a for controlling a servo-loop, a 
capacitor 212b for holding the second control volt- 
age Vps. and a buffer amplifier 212c. 

A control voltage V PD 215 of the second sam- 
ple hold circuit 212 drives the transistor 216 to feed 
the semiconductor laser with an electric current. 

The transistors 114 and 115 subjects write data 



WTDT 8 to optical pulse modulations between the 
bias power Pas of the closed-loop controlled optical 
power and the write power P W r. 

Next, the operations of the circuit of Fig. 7 will 
5 be described in the following with reference to Fig. 
8. 

When the bias gate BSTG comes into the bias 
status at the timing Ti and at the H level, the 
optical output of the semiconductor laser has its 

70 reference voltage V ref 109 switched from V PL (for 
the playing operations) to V BS (for the biasing oper- 
ations) while being under the closed-loop control. 

The aforementioned first servo-amplifier 110 
subjects the first control voltage V s to the closed- 

15 loop control so that the monitor voltage V M may be 
equal to the value V B s of the reference voltage V re i 
at its one input, thus raising the optical output of 
the semiconductor laser from the play power P PL to 
the bias power P BS . 

20 The first control voltage V s is varied from the 

play value Vo to the bias value Vi, which is held at 
the timing T 2 . 

Since, on the other hand, the switch SW6 is 
opened whereas the switch SW7 is closed until the 

25 write gate WTGT begins, the second control volt- 
age V PS of the output of the second servo-amplifier 
217 is fed equally with the reference voltage V W r at 
its inputs to generate the aforementioned voltage 
V F as the value of the output control voltage so that 

30 it is not saturated with a power source voltage Vss 
but stands by without feeding the second current 
source with any current 

Here, when the write gate WTGT takes the H 
level, the switch SW6 is closed whereas the switch 

35 SW7 is opened. Then, the second servo-amplifier 
217 subjects the second control voltage Vps to the 
closed-loop control so that the monitor voltage V M 
may be equal to the reference voltage V WR at its 
one input, thus raising the optical output of the 

40 semiconductor laser from the bias power P 8S to the 
write power P W r. 

The second control voltage V PS of the second 
servo-amplifier 217 varies fast from the unsaturated 
level V F , which is taken until the write gate WTGT 

45 takes the H level, to the write level V 2 until it is 
held at the timing T 3 by the hold signal HOLD. 
Simultaneously with this, the switch SW6 is opened 
whereas the switch SW7 is closed so that the 
second servo-amplifier 217 has its input shorted to 

50 generate the aforementioned voltage V F at its out- 
put and comes into its stand-by state. 

When the hold section is terminated at a timing 
T*, the aforementioned first servo-amplifier 110 re- 
stores its closed-loop control so that the optical 

55 output of the semiconductor laser is switched from 
the write power P W r to the play power P PL . 

Since, at this time, the first control voltage V s 
or the output of the first servo-amplifier 110 is at 
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the same level as the value Vi of the output V D of 
the sample hold circuit 112, it is smoothly con- 
nected so that the optical output of the semicon- 
ductor laser is switched fast and stably from the 
write power P W r to the play power P PL . 

As has been described hereinbefore, according 
to the present embodiment, by the actions of both: 
the switch means for opening or substantially open- 
ing the input of the second servo-amplifier and the 
monitor voltage generating means during the sec- 
ond hold section and until the second sample sec- 
tion of the closed loop control begins; and the 
switch means for shorting or substantially shorting 
the monitor voltage generating means of the input 
of the second servo-amplifier and the second refer- 
ence voltage generating means, the second control 
means generated by the second servo-amplifier is 
not saturated but held at the voltage level feeding 
no electric current to the second current source. As 
a result, when the second sample section begins, 
the second control voltage can vary fast to raise 
the optical output of the semiconductor laser fast 
and stably from the bias power to the write power. 

As has been described hereinbefore, according 
to the present invention, at the timing of switching 
the control of the optical output of the semiconduc- 
tor laser to the closed-loop control, the optical 
output of the semiconductor laser can be switched 
fast and stably from the high to low powers or vice 
versa. 

At the transition to the closed-loop control, 
moreover, the optical output of the semiconductor 
laser can be prevented from generating an ab- 
normal power to shorten the lifetime of the semi- 
conductor itself or the material of the optical disc. 
Thus, the present invention can enjoy a high effect 
in practical use. 

Fig. 9 is a diagram showing the structure of the 
semiconductor laser control circuit according to a 
fifth embodiment of the present invention. The out- 
put light of the semiconductor laser 1 is received 
by the optical detector 2 and is subjected to a 
current-voltage conversion by the operation am- 
plifier 3 to generate ^n optical power control error 
voltage 309, which is fed to an optical power con- 
trol unit 304. This optical power control unit 304 
drives a current source in the DC emission mode in 
accordance with a reference voltage Vr3 for setting 
a third optical power value, to control the optical 
power value of the semiconductor laser 1. In the 
pulse modulation mode, the control unit 304 con- 
trols the optical power in accordance with a first 
reference voltage V R1 for setting the optical power 
value at the peak value having an optical pulse 
waveform and a second reference voltage Vr2 for 
setting the optical value at the bottom value. An 
optical pulse modulator 306 subjects a control val- 
ue between the bottom and peak values to a pulse 



modulation in response to a modulation signal 307. 
An emission control unit 314 feeds DA converters 
320 and 321 with a first data signal 315 cor- 
responding to the first reference voltage for setting 

s the power value of the optical pulse and a second 
data signal 316 corresponding to the second refer- 
ence voltage, to generate first and second refer- 
ence voltages. These two reference voltages can 
be arbitrarily set irr accordance with the data value 

10 of the data signal fed from the emission control 
unit in the pulse modulation mode, the optical disc 
is written and erased to make it necessary to vary 
the optical power levels at the peak and bottom 
values of the pulse waveforms in accordance with 

15 the radial position and writing material of the optical 
disc. Fig. 11 a to v illustrate the signals at the 
individual units of the structure in the signal 
waveforms. The emission control unit 314 gen- 
erates an emission control signal to generate a 

20 trouble detection signal 313 and an AND output 
which are fed to the optical power control unit to 
turn on and off the output light of the semiconduc- 
tor laser. The optical control error voltage 309 is 
fed to a filter circuit 318, the output a of which is 

25 used as the optical power monitor signal to detect 
the emission status. The filter circuit 318 is pro- 
vided to eliminate the noises such as self-feedback 
noises generated by the semiconductor laser itself 
thereby to prevent the erroneous operations of the 

30 trouble detecting circuit Rrst of all, the operations 
of a comparator 319 will be described in the follow- 
ing. The comparator 319 is fed with the optical 
power monitor signal a and a comparison voltage b 
to compare them thereby to produce a comparison 

35 output g. The comparison voltage b is a resistive 
addition of the first and second reference voltages. 
In the present embodiment, resistances Ri and R2 
are so equalized that the average value of the first 
and second reference voltages may take the com- 

40 parison voltage b. By varying the values R1 and 
R2, the first and second reference voltages may be 
arbitrarily arithmetically processed to set the com- 
parison voltage b. 

In the DC emission mode, the DC emission is 

45 controlled to the first optical power value set at the 
third reference voltage Vrq if the emission control 
signal e is set in the state of the emission ON. At 
this time, the data signal 315 is sent out to equalize 
the first reference voltage to the third reference 

50 voltage to send out the data signal 316 at such a 
value that the second reference voltage may take a 
zero optical power. As a result, the reference volt- 
age b takes a half value 323 of the third reference 
voltage. If the optical power monitor signal a is 

55 equal to or higher than the comparison voltage 323, 
the output g of the comparator 319 takes the low 
level. It is, therefore, possible to detect that the DC 
emission status is at a normal level. Immediately 
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after the emission control signal e is on, the transi- 
tional response time for the optical power control 
makes it necessary to delay the timing for check- 
ing the emission status so as to accomplish an 
accurate and stable detection. Numeral h desig- 
nates an emission check timing which is generated 
(at 329) at the instant when the DC emission con- 
trol is sufficiently stabilized. The DC emission 
check timing 329 is inputted to the clock of the D 
flip-flop to latch and output the output signal g of 
the comparator 319. Fig. 11 is a waveform chart 
showing the signals at the individual units when the 
optical power is abnormally generated. If the DC 
emission level oscillates, as indicated at a) in Fig. 
11, the comparator output of g) of Fig. 11 does not 
take the low level. If the output signal is latched at 
the DC emission check timing 329, the trouble 
detection sign i) of Fig. 1 1 is outputted at the high 
level. In normal operations, the status of the low 
level is maintained, as indicated at i) in Fig. 10, so 
that no trouble is detected. 

In the pulse modulation mode, the first refer- 
ence voltage V R1 is set at a peak value 325 where- 
as the second reference voltage V R2 is set at a 
bottom value 326 by sending out the data signals 
315 and 316 from the emission control unit 314. As 
a result, the comparison voltage b at this time 
takes the average value of the peak and bottom 
values, as indicated at 324. In the pulse modulation 
mode, there are provided, as disclosed in Japa- 
nese Patent Application No. 62 -264461 , a bottom 
power sample control section 327 for controls to 
the optical power at the bottom value of the pulse 
waveform and a peak power sample control for 
controls to the optical power at the peak value. It is 
reliably detected at a peak power emission check 
timing 330 that the peak power value is equal to or 
higher than the normal level. The check timing 330 
falls at the rear half of the peak power sample 
control section 328 and when the peak power value 
is stabilized after lapse of the transitional response 
time of the peak power control. At this peak power 
emission check timing 330, the output signal g of 
the comparator 319 is latched and outputted by the 
D flip-flop 325. If the optical power monitor signal a 
is equal. to or higher than the comparison voltage 
value 324 at the peak power emission check timing 
330, the output signal of the comparator 319 takes 
the low level so that the latch output is not at the 
high level. If an abnormal emission takes place so 
that the optical power monitor signal level is equal 
to or lower than the comparison voltage level 324, 
as indicated at i) in Fig. 10 and at a) in Fig. 11, the 
latch output takes the high level so that a trouble is 
detected, as indicated at i) in Fig. 11. The latch 
output i is subjected together with other trouble 
detecting signals to an OR input 331 to set an R-S 
flip-flop 332. If a trouble is caused to set the R-S 



flip-flop, the Q~~takes the low level so that an 
emission control signal v to be inputted to the 
optical power control unit 304 is turned off by the 
AND gate 317, as indicated at v) in Fig. 11. This Q 

5 output is informed as the trouble detecting signal 
313 to the emission control unit 314 to intentionally 
turn off the emission control signal e. Simulta- 
neously with this, the R-S flip-flop 332 is reset to 
release the latch of the abnormal status. 

70 Thus, the influences of the transitional re- 
sponse generated at the timing of switching the 
power control and the optical power monitor signal 
are pulse-modulated by generating the comparison 
voltage by the use of the reference voltage value 

75 for the power setting during the DC emission and 
the pulse modulations and by latching the compari- 
son output to detect the trouble only at the timing 
having the stabilized optical power control. As a 
result, the highly reliable trouble detection can be 

20 accomplished while preventing the erroneous de- 
tections of the peak and bottom values of the pulse 
waveform. 

Next, the operations of a comparator 333 will 
be described in the following. In the present em- 

25 bodiment the comparator 333 has its comparison 
voltage c set at a fixed voltage value 334 between 
the second reference voltage or the DC emission 
level and the second reference voltage or the bot- 
tom value of the pulse waveform, as indicated at c 

30 in Fig. 11. Like the comparison voltage b, more- 
over, the second reference voltage and the third 
reference voltage can be resistively added and 
generated. It is confirmed in the DC emission that 
the DC emission power is lower than an intermedi- 
ns ate value between the bottom value of the pulse 
waveform and the DC emission level, and it is also 
confirmed in the pulse modulations that the bottom 
value of the pulse waveform is higher than that 
intermediate value. Incidentally, a detection section 

40 is specified in each mode to provide a window so 
as to prevent the. erroneous operations due to the 
transitional response of the optical power control at 
the timing of switching the DC emission and the 
pulse modulations. Thus, the optical write/play ap- 

45 paratus can be prevented from the written content 
of the optical disc from being erroneously written 
and erased during the play by taking the optical 
power in the vicinity of the bottom value of the 
pulse waveform. For the writing operations, the 

so writing and erasing operations can be made highly 
reliable by checking the emission level failing to 
reach the necessary level. The output- signai of the 
comparator 333 has its rising and breaking edges 
delayed more than those of the emission mode 

55 switching signal f, as indicated at j) in Fig. 10. This 
is because there is a time period for the transitional 
response of the optical power control level from the 
DC emission level to the level of the bottom value 
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at the emission mode switching time. In order to 
eliminate this transitional response section, there- 
fore, the output signal j of the comparator 333 is 
fed to the AND gate 334 only in the section, in 
which a detection section signal k takes the high 
level, in the DC emission mode. The breaking edge 
of the detection section signal k is produced si- 
multaneously with the rising edge of an emission 
mode switching signal f f whereas the breaking 
edge of the detection section signal is produced 
with a delay of AT from the breaking edge of the 
emission mode switching signal f. The value of the 
delay AT is selected to take such a timing that the 
DC emission control may be sufficiently stabilized 
when at the switching from the pulse modulations 
to the DC emission and after lapse of the transi- 
tional response section. No trouble detection signal 
I is outputted, as indicated at I) in Fig. 10, if no 
emission level equal to or higher than the compari- 
son voltage c is generated at the DC emission, i.e., 
in the section in which the detection section signal 
k is at the high level. 

In the pulse modulations, on the other hand, a 
signal m, which is inverted from the output signal j 
of the comparator 333, is fed to the AND gate 336 
only in the section in which a detection section 
signal n takes the high level. The detection section 
signal n delays the rising edge by AT excepting 
the transitional response time from the rising edge 
of the emission mode switching signal f and gen- 
erates the breaking edge simultaneously with the 
breaking edge of the emission mode switching 
signal f. Thus, the bottom value lower than the 
comparison voltage c can be detected in the sec- 
tion in which the optical power control in the pulse 
modulations is sufficiently stabilized. Without the 
bottom value equal to or lower than the comparison 
voltage c, a trouble detection signal o is not output- 
ted, as indicated at o) in Fig. 11. If, on the contrary, 
the bottom value is equal to or lower than the 
comparison voltage in the pulse modulations, as 
indicated at a) in Fig. 11, the trouble detection 
signal o is outputted at the high level in the section 
in which the detection section signal n is at the 
high level, as indicated at o) in Rg. 11. 

Thus, a highly reliable semiconductor laser 
control circuit is constructed by checking the level 
of the bottom value in the DC emission and in the 
pulse modulations excepting the section of the 
transitional response thereto to check the emission 
level at which the written content of the optical disc 
is erroneously written and erased or fails to reach 
the writing and erasing operations. 

Next, the operations of a comparator 337 will 
be described in the following. A comparison volt- 
age d is set in the vicinity of the maximum allowa- 
ble optical output of the semiconductor laser 1 and 
is compared with the optical power monitor signal 



a, (as indicated at t). The detection does not pro- 
vide any section irrespective of the emission mode 
to prevent the semiconductor laser from being 
broken by the emission of an excessive optical 

5 power. If an optical power exceeding the maximum 
allowable optical output is generated by the oscilla- 
tions of the optical power control loop, as indicated 
at 338 of a) in Rg. 11, a trouble detection signal t 
is outputted, as indicated at t) in Rg. 11. 

10 Rnally, the operations of a comparator 339 will 

be described in the following. This comparator 339 
compares a control voltage p for controlling the 
electric current flowing through the current source 
108 and a comparison voltage q at a fixed value 

T5 (as indicated at r in Fig. 11). The control voltage p 
is proportional to the value of the current flowing 
through the semiconductor laser 1 . As a result, the 
control voltage p takes a signal waveform substan- 
tially proportional to the emission optical power, as 

20 indicated at p) in Rg. 10. Here, the comparison 
voltage q is set at a voltage corresponding to the 
maximum drive current value necessary for the 
optical power value in the DC emission mode. This 
maximum drive current value necessary for the DC 

25 emission mode means the maximum value consid- 
ering the temperature characteristics and aging of 
the semiconductor laser, if a trouble exceeding the 
DC emission power is detected with the current 
value corresponding to the low optical power level 

30 such as the DC emission level, the breakage of the 
semiconductor laser can be detected by the above- 
specified current value even if the signal from the 
optical detector is cut so that the optical power 
control runs away to produce an excessive power 

35 and the optical power monitor signal a is not gen- 
erated. The output signal r of the comparator 339 
likewise outputs the detection section signal k to an 
AND gate 339' to output a trouble detection signal 
s so as to eliminate the influences of the transi- 

40 tional response. This comparator.339' is different in 
its function from the other comparators such that it 
can prevent the breakage of the semiconductor 
laser even if the power monitor signal a is not 
generated. 

45 As has been described hereinbefore, according 
to the present embodiment, the comparison voltage 
is generated by the use of the reference voltage 
value for power setting in the DC emission and in 
the pulse modulations so that the compared output 

so is latched to detect the trouble only at the timing 
having the stabilized optical power control. Thus, a 
trouble detection can be accomplished highly reli- 
ably by preventing not only the influences of the 
transitional response generated at the switching of 

55 the power control but also the erroneous detection 
of the peak value of the pulse waveform due to the 
pulse modulations of the optical power monitor 
signal. Moreover, an intermediate value between 
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the bottom value of the pulse waveform and the DC 
emission power is used as the comparison voltage 
to detect it during the section excepting the transi- 
tional response section in the mode switching that 
the comparison value is not exceeded in the DC 
emission but in the pulse modulations. Thus, it is 
possible to realize the optical power control of the 
semiconductor laser highly reliably by checking the 
emission level which causes the erroneous writing 
and erasure of the written content of the optical 
disc and the failure to reach the writing and erasing 
operations. By detecting the excessive current val- 
ue in the DC emission mode, moreover, it is possi- 
ble to prevent the emission with an excessive pow- 
er to break the semiconductor laser even if the 
monitor signal from the optical detector is cut. 

As has been described hereinbefore, according 
to the present invention, the check of the emission 
level of the peak value of the pulse waveform is 
compared by processing the reference voltage for 
actually setting the optical output so that it can be 
accomplished with a higher reliability than that ob- 
tained merely by making a comparison with the 
fixed voltage. Moreover, the erroneous detection 
can be detected by accomplish the checking with a 
predetermined timing within the sample control 
section in which the pulse modulations are not 
begun yet Still moreover, the checking of the 
emission level at the bottom value can be accom- 
plished highly reliably by setting the comparison 
voltage at a voltage value between the DC emis- 
sion level and the bottom value and by limiting the 
check section to that excepting the transitional sec- 
tion of the optical power control in the mode 
switching operation. In the DC emission mode, the 
comparison is made with the voltage value be- 
tween the bottom value and the DC emission level 
and with the maximum value of the current flowing 
in the DC emission. Thus, it is possible to prevent 
not only such an abnormal emission as will errone- 
ously write and erase the written content of the 
optical disc but also the breakage of the semicon- 
ductor laser reliably. 

While the specific embodiments of the present 
invention have been illustrated and described here- 
in, it is realized that other modifications and 
changes will occur to those skilled in the art. It is, 
therefore, to be understood that the appended 
claims are intended to cover all modifications and 
changes as fall within the true spirit and scope of 
the invention. 



Claims 

1. A semiconductor laser control circuit com- 
prising: optical power control error voltage generat- 
ing means made receptive of the output light of a 



semiconductor laser through an optical detector for 
generating an optical power control error voltage; 
first reference voltage generating means for gen- 
erating a first reference voltage for setting the 
5 output light of said semiconductor laser at a first 
optical power value; first closed loop control means 
for controlling the output light of said semiconduc- 
tor laser to said first light power value by varying 
an electric current flowing through said semicon- 
io ductor laser with a first control voltage which is 
obtained by comparing said optical power control 
error voltage and said first reference voltage; first 
sample hold means for holding the first control 
voltage value at the instant when the optical power 

rs control by said first closed loop control means is 
stabilized, to output said first hold voltage; first 
open loop control means for controlling the output 
light of said semiconductor laser to said first optical 
power value by varying an electric current flowing 

20 through said semiconductor laser with said first 
hold voltage; second reference voltage generating 
means for generating a second reference voltage 
for setting the output voltage of said semiconductor 
laser at a second optical power value; second 

25 closed loop control means for controlling the output 
light of said semiconductor laser to said second 
light power value by varying an electric current 
flowing through said semiconductor laser with a 
second control voltage which is obtained by com- 

30 paring said optical power control error voltage and 
said second reference voltage; second sample hold 
means for holding the second control voltage value 
at the instant when the optical power control by 
said second closed loop control means is stabi- 

35 lized, to output a second hold voltage; second 
open loop control means for controlling the output 
light of said semiconductor laser to said second 
optical power value by varying an electric current 
flowing through said semiconductor laser with said 

40 second hold voltage; and optical pulse modulating 
means for optical pulse modulations of said first 
optical power value, which is controlled by said first 
open loop control means, to a bottom value having 
an optical pulse waveform and said second optical 

45 power value, which is controlled by said second 
open loop control means, to a peak value having 
an optical pulse waveform. 

2. A semiconductor laser control circuit com- 
prising: optical power control error voltage generat- 

so ing means made receptive of the output light of a 
semiconductor laser for converting it into an optical 
power; first reference voltage generating means for 
setting the output light of said semiconductor laser 
at a first level; a first servo-amplifier made recep- 

55 tive of said optical power control error voltage and 
a first reference voltage for generating a first con- 
trol voltage by comparing and outputting the dif- 
ference inbetween; a first current source for feed- 
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ing an electric current to said semiconductor laser 
in accordance with the first control voltage of said 
first servo-amplifier; first sample hold means con- 
nected between said first servo-amplifier and said 
first current source for closed loop control of the 
output light of said semiconductor laser to a first 
level with the control voltage of said first servo- 
amplifier during a first sample section and for hold- 
ing the control voltage of said first servo-amplifier 
during a first hold section to open-loop control the 
output light of said semiconductor laser to said first 
level; second reference voltage generating means 
for setting the output light of said semiconductor 
laser at a second level; a second servo-amplifier 
made receptive of said monitor voltage and a sec- 
ond reference voltage for generating a second con- 
trol voltage by comparing and outputting the dif- 
ference inbetween; a second current source for 
feeding an electric current to said semiconductor 
laser in accordance with the second control voltage 
of said second servo-amplifier; second sample hold 
means connected between said second servo-am- 
plifier and said second current source for closed 
control of the output light of said semiconductor 
laser to a second level with the control voltage of 
said second servo-amplifier during a second sam- 
ple section from the beginning of said first hold 
section to the beginning of a second hold section 
and for holding the control voltage of said second 
servo-amplifier during said second hold section to 
open-loop control the output light of said semicon- 
ductor laser to said second level; optical pulse 
modulating means for optical pulse modulations 
between the first and second levels of said open- 
loop controlled optical output; third switch means 
for keeping the input of said second servo-amplifier 
and said monitor voltage generating means open or 
substantially open during said second hold section 
and until the second sample section of said closed- 
loop control begins; and fourth switch means for 
shorting or substantially shorting the two inputs of 
said second servo : amplifier, whereby the second 
control voltage generated by said second servo- 
amplifier is prevented from being saturated during 
said second hold section and until the second 
sample section of said closed-loop control begins. 

(3) A semiconductor laser control circuit ac- 
cording to Claim 2, further comprising feedback 
means for feeding back the output of said sample 
hold means to the inputs of said servo-amplifiers 
through a resistor to substantially equalize the con- 
trol voltages, which are generated by said servo- 
amplifiers, to the voltages, which are held by said 
sample hole means, during said hold section or 
until the sample section of said closed-loop control 
begins. 



4. A semiconductor laser control circuit accord- 
ing to Claim 2, further comprising voltage applying 
means for applying such a third control voltage to 
the input of said second servo-amplifier that said 

5 second servo-amplifier may output said second 
control voltage for rendering said second servo- 
amplifier unsaturated and said second current 
source inoperative, whereby said second control 
voltage is neither saturated nor does feed said 

w second current source any electric current during 
said second hold section and until said second 
sample section begins. 

5. A semiconductor laser control circuit com- 
prising: optical power control error voltage generat- 
es ing means made receptive of the output light of a 

semiconductor laser through an optical detector for 
generating an optical power control error voltage; 
first reference voltage generating means for gen- 
erating a first reference voltage for setting the 

20 output light of said semiconductor laser at a first 
optical power value; first closed loop control means 
for controlling the output light of said semiconduc- 
tor laser to said first light power value by varying 
an electric current flowing through said semicon- 

25 ductor laser with a first control voltage which is 
obtained by comparing said optical power control 
error voltage and said first reference voltage; first 
sample hold means for holding the first control 
voltage value at the instant when the optical power 

30 control by said first closed loop control means is 
stabilized, to output said first hold voltage; first 
open loop control means for controlling the output 
light of said semiconductor laser to said first optical 
power value by varying an electric current flowing 

35 through said semicodnuctor laser with said first 
hold voltage; second reference voltage generating 
means for generating a second reference voltage 
for setting the output voltage of said semiconductor 
laser at a second optical power value; second 

40 closed loop control means for controlling the output 
light of said semiconductor laser to said second 
light power value by varying an electric current 
flowing through said semiconductor laser with a 
second control voltage which is obtained by com- 

45 paring said optical power control error voltage and 
said second reference voltage; second sample hold 
means for holding the second control voltage value 
at the instant when the optical power control by 
said second closed loop control means is stabi- 

50 lized, to output a second hold voltage; second 
open loop control means for controlling the output 
light of said semiconductor laser to said second 
optical power value by varying an electric current 
flowing through said semiconductor laser with said 

55 second hold voltage; third reference voltage gen- 
erating means for generating a third reference voJt- 
age for setting the output light of said semiconduc- 
tor laser at a third optica! power value; third closed- 
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loop control means for controlling the output light 
of said semiconductor laser to a third optical power 
value by varying an electric current flowing through 
said semi conductor laser with a third control volt- 
age obtained by comparing said optical power con- 
trol error voltage and said third reference voltage; 
and optical pulse modulating means for optical 
pulse modulations of said first optical power value, 
which is controlled by said first open loop control 
means, to a bottom value having an optical pulse 
waveform and said second optical power value, 
which is controlled by said second open loop con- 
trol means, to a peak value having an optical pulse 
waveform. 

6. A semiconductor laser control circuit accord- 
ing to Claim 5, further comprising: emission mode 
switching means for switching the output light of 
said semiconductor laser between a pulse modula- 
tion mode and a DC emission mode, in which a DC 
emission is accomplished at said third optical pow- 
er value having no pulse modulation; and emission 
mode detecting means for detecting that the output 
light of said semiconductor laser is at a normal 
emission level or at an abnormal emission level in 
said two emission modes. 

7. A semiconductor laser control circuit accord- 
ing to Claim 6, further comprising means for de- 
tecting that the peak value having an optical pulse 
waveform is higher or lower than a predetermined 
optical power level in said pulse modulation mode, 
by comparing an optical power monitor voltage and 
a predetermined comparison voltage. 

8. A semiconductor laser control circuit accord- 
ing to Claim 6, further comprising means for de- 
tecting that the bottom value having an optical 
pulse waveform is higher or lower than a predeter- 
mined optical power level in said pulse modulation 
mode, by comparing an optical power monitor volt- 
age and a predetermined comparison voltage. 

9. A semiconductor laser control circuit accord- 
ing to Claim 6, further comprising means for de- 
tecting that the DC emission level is higher or 
lower than a predetermined optical power level in 
said DC emission mode, by comparing an optical 
power monitor voltage and a predetermined com- 
parison voltage. 

10. A semiconductor laser control circuit ac- 
cording to Claim 6, further comprising means for 
detecting that the optical output level is higher or 
lower than a level, which is set in the vicinity of the 
maximum allowable optical output of said semicon- 
ductor laser in said pulse modulation mode and/or 
said DC emission mode, by comparing an optical 
power monitor voltage and a predetermined com- 
parison voltage. 

11. A semiconductor laser control circuit ac- 
cording to Claim 6, further comprising means for 
detecting that the optical output level is higher or 



lower than a level, which is set in the vicinity of the 
maximum allowable optical output of said semicon- 
ductor laser in said pulse modulation mode and/or 
said DC emission mode, by comparing an electric 
5 current value flowing through said semiconductor 
laser and a predetermined comparison voltage. 

12. A semiconductor laser control circuit ac- 
cording to any of the Claims 7, 8, 9 and 10, 
wherein said predetermined comparison voltage is 

w generated by arithmetically processing said first, 
second and/or third reference voltages. 

13. A semiconductor laser control circuit ac- 
cording to Claim 7 or 8, wherein said predeter- 
mined comparison voltage takes a voltage value 

75 between said first and second reference voltages. 

14. A semiconductor laser control circuit ac- 
cording to Claim 8 or 9. wherein said predeter- 
mined comparison voltage takes a voltage value 
between said second and third reference voltages. 

20 15. A semiconductor laser control circuit ac- 

cording to Claim 9, wherein said predetermined 
comparison voltage takes a voltage value between 
said third reference voltage and a fourth reference 
voltage at which the optical output of -said semicon- 

25 ductor laser takes a zero level. 

16. A semiconductor laser control circuit ac- 
cording to any of the Claims 7, 8, 9 and 10, 
wherein the emission state is detected by inputting 
an optical power minitor voltage to an integrating or 

30 detecting circuit having a predetermined time con- 
stant to compare the output of said integrating or 
detecting circuit with a predetermined comparison 
voltage. 

17. A semiconductor laser control circuit ac- 
35 cording to Claim 7 or 8, wherein there is provided a 

sample control section in which the output light of 
said semiconductor circuit is controlled by said first 
or second optical power control means to either the 
first optical power voltage taking the peak value of 

40 the pulse waveform or the second optical power 
value taking the bottom value of the pulse 
waveform in said pulse modulation status, so that 
the emission state may be detected by comparing 
said optical power monitor voltage and said pre- 

45 determined comparison voltage at a predetermined 
timing during said control section. 

18. A semiconductor laser control circuit ac- 
cording to Claim 9, wherein the detection of said 
emission status is accomplished at a predeter- 

50 mined timing after lapse of a constant time after 
said semiconductor laser has been switched from a 
non-emission status to said DC emission status. 

19. A semiconductor laser control circuit ac- 
cording to Claim 9, wherein the detection of said 

55 emission mode is accomplished during said DC 
emission mode section excepting either a transi- 
tional status for switching from said DC emission 
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mode to said pulse modulation mode or a transi- 
tional status for switching from said pulse modula- 
tion mode to said DC emission mode. 

20. A semiconductor laser control circuit ac- 
cording to Claim 7 or 8, wherein the detection of 5 
said emission mode is accomplished during said 

DC emission mode section excepting either a tran- 
sitional status for switching from said DC emission 
mode to said pulse modulation mode or a transi- 
tional status for switching from said pulse modula- 10 
tion mode to said DC emission mode. 

21. A semiconductor laser control circuit ac- 
cording to Claim 6, further comprising means for 
comparing and detecting the value of an electric 
current flowing through said semiconductor laser, 75 
which is controlled by said third optical power 
control means during said DC emission mode ex- 
cepting either a transitional status for switching 
from said DC emission mode to said pulse modula- 
tion mode or a transitional mode for switching from 20 
said pulse modulation mode to said DC emission 
mode, and a predetermined comparison current 
value. 

22. A semiconductor laser control circuit ac- 
cording to Claim 6, further comprising protection 25 
means for controlling said semiconductor laser 
from an emission status to a non-emission status 
when it detects said abnormal emission level. 
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